A case report illustrating possible cerebral protection from ischemia by barbiturate administration during carotid artery surgery where bypass shunting was indicated from the EEG recording but technically impossible to achieve.
A 77 year old 69 Kg man presented in June, 1978, with a history of transient ischaemic attacks. His symptoms during these attacks consisted of weakness and spasm of his right hand. These episodes usually lasted about one hour. He also complained of deteriorating vision over the previous six months but denied any involvement of speech or gait. He was a non-smoker with no known drug allergies, he was asymptomatic to other systems review. He had been treated for tuberculosis 20 years previously and, in 1976, he underwent emergency surgery for a ruptured abdominal aortic aneurysm. This was complicated by acute renal failure which subsequently resolved leaving some residual impairment.
Examination revealed hypertension, 220/100 mmHg on admission. His medications included amiloride hydrochloride and bendrofluazide, along with allopurinol each morning and digoxin 0.25 mg second daily. Bilateral carotid bruits were audible, right greater than left. The pulse was irregular, there being ECG evidence of atrial fibrillation. No other evidence of cardiovascular or respiratory disease was apparent. Apart from diminished ability to co-ordinate with his right hand, he was neurologically intact.
Investigations included four vessel angio-graphy ( Figure 1 ) which demonstrated a high left carotid bifurcation with marked narrowing in that region. It was considered that surgery was indicated even though it was recognized that insertion of a shunt if required would be technically difficult.
On the evening prior to surgery the resting blood pressure was 155/90 mmHg and he was asymptomatic. Premedication of pethidine 75 mg and atropine 0.4 mg was given one hour preoperatively. Prior to induction, an intravenous infusion of compound Ringers lactate was commenced and a radial arterial line inserted. Anaesthesia was induced with diazepam 7.5 mg, fentanyl 75 p.g, thiopentone 100 mg and pancuronium 6 mg. Following intubation, he was ventilated using the circle system without CO~ absorber, total gas flow being 4.5 litres with a N 2 0:0 2 ratio of 2: 1.
Patient monitoring comprised direct arterial blood pressure, ECG, EEG, and blood gas analysis. Prior to clamping the common carotid artery, 5000 units of heparin along with 350 mg of thiopentone were administered. At this time, blood gas analysis revealed a pH 7.41, PaCO:! 41 mmHg and PaO!! 117 mmHg Intra-operatively increments of fentanyl and pancuronium were administered when indicated. Prior to clamping, one dose of metaraminol 0.5 mg was given to maintain the blood pressure at about 200 mmHg.
The EEG was taken with the montage customarily applied for endarterectomy surgery with the standard high frequency cuts and time constant settings (Horton et al. 1974) . The EEG 40 minutes prior to clamping the carotid artery ( Figure 2 ) was quite acceptable for a patient under general anaesthesia of the usual level for this type of surgery. Four minutes after the initial 350 mg of thiopentone was given, the EEG became composed only of burst suppression activity ( Figure 3 ) which appeared quite symmetrical. Within a few seconds after the left carotid arteries were clamped, the EEG underwent marked change. All activity recorded from over the left hemisphere was reduced in amplitude ( Figure  4) and also in amount compared to that seen in the top two channels, recording from the right hemisphere. This degree of change would have made the use of a shunt mandatory, according to the established EEG criteria (Hortonetal.1974) .
The marked tortuosity of the internal carotid artery along with the high bifurcation made insertion of a shunt technically impossible. Thiopentone was administered by intermittent Il1]ection over the next 38 minutes of carotid cross clamping sufficient to abolish all EEG potentials. In all, 1750 mg of thiopentone was administered during this time. Two incremental doses of metaraminol 0.5 ,0", .'
• . 1 • . , mg were necessary to maintain preclamp blood pressure levels. Following release of the clamps, haemostasis was secured and the heparin reversed with protamine sulphate 25 mg. Shortly before the end of the operation, EEG activity had returned and the recording appeared roughly symmetrical ( Figure 5 ). Activity at this stage was not continuous, but transient flat periods were of brief duration and not appearing frequently. Neostigmine 3.75 mg and atropine 2.0 mg were administered to reverse the effects of pancuronium. The patient was extubated following establishment of an adequate tidal ventilation. He was not fully conscious however for another three hours. His postoperative recovery was uneventful, there being no neurological deficit detected except a slight facial paresis which was attributed to retractor trauma and swelling. This had subsided by the time he was discharged from Hospital. 
DISCUSSION
The value of EEG monitoring in correlating cerebral function with cerebral blood flow has been established by many investigators (Baker et al. 1975 , McKay et al. 1976 , Matsumoto et al. 1976 . Cerebral blood flows above 30 mlj 100 gm of human brain tissue/minute were not associated with major EEG changes. Flows below 17 mljlOO gm of brain tissue/minute at a PaC0 2 40 mmHg were consistently associated with EEG changes, the degree of change reflecting the severity of flow reduction (Sharborough, Messick and Sundt 1973) . Also, EEG changes correlated with neurologic function post operatively (Perez Borja and Myer 1965). Barbiturates are known to reduce the cerebral metabolic requirement for oxygen (CMR0 2 ) and t>he cerebral blood flow (CBF) in a dose related fashion while there is evidence of cortical activity. Once the EEG becomes isoelectric further barbiturate administration has no effect on the CMR0 2 (Michenfelder 1974) . The mechanism whereby barbiturates exert their protective effect is unclear. The reduction in cerebral blood flow along with the reduction in cerebral oedema formation following cerebral ischaemia may be contribut-Anaesthesia and Intensive Care, Vol. VII, No. 2, May, 1979 ing factors (Smith 1977) . This aut>hor discounts the "Inverse Steal" mechanism as a possible contributor on the evidence available following blood flow measurements made with vasodilating and vasoconstnctmg agents (Hanson and Sundt 1975) . Free radical scavenging effect of barbiturates has been postulated but as yet no definitive evidence is available. Barbiturate depression of cerebral metabolic function seems the most feasible explanation. In this respect barbiturates differ from hypothermia which inhibits all energy requiring processes of the cell (Michenfelder and Theye 1973, Michenfelder 1974) .
The dose of barbiturate required to produce a protective effect in humans is indefinite. Up to 1.5 g of thiopentone has been reported to decrease CMR0 2 by 36% in humans (Pierce, Lambertson and Deutch 1962) . The maximum depression of CMR0 2 that could be achieved in dogs with cardiopulmonary support was of the order of 60% (Michenfelder 1974) . This was achieved with a thiopentone dose of 150 mg/Kg. Such a degree of depression of cardiovascular dynamics is unacceptable for clinical purposes. A suggested end point for thiopentone administration has been the maintenance of burst suppression on EEG monitoring (Michenfelder, Milde and Sundt 1976) .
